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Abstract
Quick coupling is a device for easy engagement and disengagement of fluid power lines. Thanks to their modular design, a large variety 
of connections conforming to international standards is available. High-quality quick-action coupling made of steel, stainless steel, brass 
or plastic for practically every application contingency.  They are the very best, and easiest way to separate a hydraulic line, and to put it 
back together. In this article, lumped parameters of quick coupling is obtained by using Solid Works Flow Simulation and mathematical 
model made in Siemens Amesim hydraulic design tool. 
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Quick coupling is composed of two parts, male and fe-
male, each connected to end of lines. Manual quick cou-
plings are the reference series for the agriculture and indus-
trial market, allowing simple and safe connection and dis-
connection. The hydraulic lines are connected in the follow-
ing sequence as in table below: 
1. Approaching female and male parts close to each 
other
2. Pulling back the sleeve in the female part. 
3. Engaging male part to female counterpart
4. Releasing the sleeve.
They are very robust, rapid and secure coupling of prac-
tically all fluid media. There exist special solutions imple-
mented for  various application needs in the market.
The working principle of QC is extensively explained in 
Nervegna [1]. The dual-purpose sliding sleeve is fastened in 
the locking position by means of a pre-clamped spring. It can 
be axially shifted for coupling or uncoupling in both direc-
tions. The two halves of the plug-in coupling are locked to-
gether by means of detent balls. The sleeve can be installed 
in a bulkhead partition with retaining rings. This means that 
the socket is given the function of a breakaway coupling. If 
a plug is torn from a fitting which is so mounted, then the 
system will be decoupled automatically and the valves will 
close so that damage to the hose line and a possible oil loss 
will be avoided. 
Table 1 Sequence of positions of quick coupling
1
2
3
4
Pressure field
To start flow simulation in SolidWorks, one needs to de-
fine boundary conditions. In this simulation, it is taken to be 
the following values: 
Inlet volumetric flow rate Qin = 50 L/min
Outlet pressure pout = 1 bar
Therefore, at the end of the simulation, the aim is to ob-
tain the inlet pressure concordant with the boundary condi-
tions. Once the inlet pressure is obtained, one can calculate 
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the pressure drop across the quick coupling, ∆p = pin - pout, whereas pout = 1bar.
Table 2 Table of simulation parameters for meshing
Clone number
Number of flu-
id cells
Inlet pressure 
pin
Iterations CPU time Notes
0 200 5.14 15 5’’ Global mesh manual very coarse 
1 4716 3.21 40 7’’ Global mesh at 3
2 27 979 2.96 67 1’ 1’’ Global mesh at 5
3 187 755 3.31 124 10’ 22’’ Global mesh 7
4 590 474 3.43 177 35’ 45’’ Global mesh 6, local mesh 3
5 1 806 108 3.42 266 2 16’ 35’’
Global mesh 200x50x50, local 
mesh 2
The inlet pressure corresponding to mesh sensitivity is 
described below. As seen in that figure, inlet pressure reach-
es asymptote after about 200 000 fluid cells. This value is a 
good compromise between computational time versus mesh 
refinement. In the Solidworks CFD simulation, 15 number 
of cells is chosen as a sufficient amount of cells in the me-
tering edge [2].
Figure 1  Inlet pressure versus number of fluid cells
Figure 2 Pressure across the quick coupling.
It is also possible to observe pressure value as position in 
the coupling, as for example for the clone 4.
It is clear that there are some zones with pressure less 
than 1 atm. In those zones of rapid pressure decrease, one 
may obviously observe abrupt increase of velocity, as it 
would normally occur at the metering edge. Clearly, to avoid 
entering into cavitation, one needs to upscale the outlet pres-
sure to a higher level, which is for simplicity taken to be 1 
bar in the simulation.
Lumped parameters
Introduction to lumped parameter modeling is given with 
reference Rabie [3]. Mainly, it includes finding maximum 
discharge coefficient and critical flow number lc. As a quick 
coupling itself represents a fluid restriction, it is possible to 
work further on determining flow-pressure characteristics of 
the quick coupling (QC). For this purpose, after obtaining 
the optimum point on the curve pressure versus CPU time, 
one needs to run batch simulation in SolidWorks for different 
boundary conditions, namely different outlet flow rates in or-
der to determine outlet pressures. Then by combining all the 
points, it is possible to plot a flow-pressure characteristics.
Number of flu-
id cells
Iterations CPU time
247 982 135 19’ 52’’
In the table of results, one can observe the inlet pressure 
as a result of SolidWorks fluid simulation.
Q 
[L/min]
60 50 40 30 20 10 5
p
in
 [bar] 4.32 3.43 2.77 2.18 1.7 1.31 1.15
After having obtained results in SolidWorks, by using 
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Amesim, it is also possible to create a model with equivalent 
orifice diameter of a QC. The values of maximum flow coef-
ficient Ce and equivalent orifice diameter D are useful for fu-
ture lumped parameter simulations. Below is the table of de-
sign matrix parameters implemented in Amesim.
Design ma-
trix
Maximum flow 
coefficient Ce
Equivalent orifice 
diameter [mm]
Run 1 0.7 8
Run 2 0.7 8.3
Run 3 0.65 8.8
Run4 0.65 9
Below is the mathematical model of the quick coupling, 
where port 1 is outlet, while 2 is the inlet port of a QC. The 
aim of Amesim simulation is again to determine pressure at 
the intelt, i.e. port 
1.
Figure 3 Restrictor modeling a QC in Amesim
After creating a mathematical model of an orifice in 
Amesim, it is comfortable to run a batch mode to pick de-
sign parameters such that pressure values of Amesim repli-
cate SolidWorks results as close as possible at around nor-
mal operating point of a QC. Below is the graph of the most-
ly close design parameter pair of the restrictor, where orifice 
diameter D = 8.8 mm and Ce = 0.65.
Below the table of most suitable values implemented in 
Amesim.
Orifice diameter 
D [mm]
Maximum flow 
coefficient Ce 
Critical flow 
number lc
8.8 0.65 5000
Below is the bar chart representing the results of inlet 
pressures of two models, i.e. SolidWorks Flow Simulation 
and Amesim.
Figure 4 Bar chart of inlet pressure results from SW 
and Amesim
Figure 5 Curves fitting the results of SolidWorks and 
Amesim.
If the usual operation point of a QC is designed to be 
lower than 60 L/min, a pair of values of pressure drop across 
QC for given orifice diameter D and discharge coefficient 
Ce fits the SolidWorks Flow Simulation model excellently . 
Conclusion
To sum up, once the best trade-off between mesh re-
finement and CPU time is chosen at 200 000 fluid cells, 
any quick coupling present in our hydraulic circuit can be 
lumped by using the values of orifice diameter D = 8.8 mm, 
maximum discharge coefficient Ce = 0.65 and critical flow 
number lc = 5000. 
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